INTRODUCTION
IN a study of X-ray induced structural changes in Drosophila melanogaster Slizynska (1963) found heterogeneity among males in their response to the treatment. She suggested that this heterogeneity may be due to the differences in the proportion of spermatogonia that were in a sensitive stage at the time of irradiation. High sensitivity would thus be caused by a high proportion of sensitive cells. A change in the proportion of cells in any stage of spermatogenesis may affect the number of spermatozoa produced per unit of time. Thus more offspring would be produced per unit of time when cell cycles of spermatogenesis were shortened and vice-versa.
Many experiments on mutagenesis have been carried out using mass cultures or pooling the results from many males; this naturally obscured all differences between males. The present experiment was planned to investigate whether there are any natural differences among males in their production of spermatozoa (measured by the number of offspring) in a limited time of 10 days.
MATERIAL AND METHODS
One hundred one-day-old Ore-K males were given each a batch of four one-day-old virgin females every other day. There were 5 such batches of females in the course of the experiment, thus each male had an opportunity to fertilise 20 females in the period of 10 days. The offspring of females were scored till no more of them appeared in the vial. The food was standard (corri-mollasses-agar-yeast) used in this laboratory and the flies were kept at +25° C.
RESULTS
After discarding the incomplete records, the following results can be presented. In all, 63 males and 1260 females, of which 273 were not fertilised, yielded altogether 50,220 flies. Males had on the average 797±28 and females 51 2 (1-146) offspring. On the basis of the number and distribution of offspring among successive batches, the males can be divided into three groups: A, B and C. This is shown in the table 1 and in the diagram fig. 1 . In group A, there is a steady and uniform fall in the number of offspring, the highest yield being in the first batch. The production in this group is the highest: 46 offspring per male per day.
In group B, the number of offspring remains rather constant with some falling off towards the end. The highest yield is in the first batch although the yield of the second batch can sometimes approach or even exceed it. The males of this group gave on the average 42 offspring per day.
Group C contains males which within the 10 days' limit have short period of fertility, the highest yield being in the second batch. The production in this group is the lowest: 29 offspring per male per day. There is a rapid decline of the number of offspring in the last batch. No male of this group had any offspring in the fifth batch of females.
Statistical treatment of the results is concerned with the solving of the question whether the collection of males defined by their individual fertilities represents one or more than one population. The method applied here was introduced by Czekanowski in 1913, and is particularly suited to the problem.
It consists of (1) obtaining mean differences (disregarding the + andsign) between all members of the sample; (2) arranging the differences in an increasing order for each member of the sample and (3) placing the least different members of the sample near each other in the diagram. The calculating sheet shown in table 2 illustrates the method.
The results in a form of a diagram show the similarity relations between all members of the sample. In the diagram the differences are graded: the first lowest three differences are marked by black squares, the next two by squares with several vertical lines and the sixth difference by a square with one vertical line. All higher differences are left as blank spaces.
The results based on the data of 27 males (nine from each group) shown in the form of a diagram ( fig. 1 ) clearly demonstrate the existence of three not similar groups of males.
At the intersection of the vertical column marked on the diagram with letter -a-with the horizontal row marked -a-is the group A of males, and at the intersection of column a with row c is the area of relation of group A with group C, and so on. Absence of low differences in the area of relation indicates the lack of similarity between groups. The results of Czekanowski's analysis as shown in the diagram may be expressed by mean differences within the groups and between them. The smaller the intra-group difference the more compact is the group and conversely the larger the inter-group difference the less similar are the groups in question. The mean differences (round figures of which are inserted in appropriate places in the diagram) are: for group A = 419 27, for group A in relation to group C and vice-versa = 93 8 .2; for group A in relation to group B and vice-versa = lO66±34; for group C = 32l for group In all cases the inter-group differences are much larger than the intragroup differences and there can be little doubt about the distinctness of three groups of males. In this example the correct arrangement represented as a diagram (on which only the smallest differences were marked) would have black squares at the intersections: 1/1, 3/3, 2/2 and 1/3, 3/1, 2/3; the intersections 1/2, 3/2 and 2/1 would appear as blank spaces.
Discussior'
The results lead to the conclusion that in the present material of Drosophila melanogaster there are natural differences in the course of spermatogenesis.
In Stromnaess and Kvelland's (1962) material of Drosophila melanogaster the males of the y Sc8 T stock were also not uniform in their production. Among them two distinct groups can be defined according to the number of offspring produced in the first and in the second batch. The ratio of these values is 118 in one and 065 in the other group. Comparable ratios for group A, B and C are: 138, lOl and 073 resp., indicating that there are analogous differences among other Drosophila melanogaster males.
Males of type C evidently have a small initial supply of spermatozoa and quickly use it up in few matings. There is a gap of temporary sterility between the first lot of sperm and the next. These males may thus reach early stages of spermatogenesis in a shorter time than others. This can be due to a prolonged period of differentiation of spermatids and/or to a poor supply of spermatocytes ready for meiosis, which in turn may be caused by longer spermatogonial cell cycles. In support of the first possibility is the delayed maximum which occurs in the second batch, and of the second is the temporary sterility which appears on the 7th to 8th day probably corresponding to the spermatocyte stage.
Males of type B have a large initial supply and equal distribution of spermatozoa. The transition from one to the next stage of spermatogenesis will be more gradual than in the males of type C. The course of spermatogenesis in the males of group B is rapid and steady. The spermatogonial and meiotic cell cycles as well as cell differentiations are running in such a way that there is an almost constant supply of spermatozoa ready for transfer.
The behaviour of the males of type A can be perhaps explained by assuming shorter periods of differentiation and longer cell cycles. Males which in the limited period of 10 days produced large number of offspring had spermatogenetic cell cycles and cell differentiations of short duration. Short cell cycles and differentiations include also short sensitive stages resulting in a low level of X-ray mutagenesis. Such males corresponding to the type B males are expected to be low sensitivity males. On the other hand males which produced smaller number of offspring had spermatogenetic cell cycles and cell differentiations of longer duration. Any extension of the duration of spermatogenesis naturally involves also the extension of the sensitive stage, therefore the males of low productivity are expected to show more sensitivity to the action of X-rays. Males of type C probably represent such highly sensitive males.
The question could be asked where to look for a phase in which cell becomes highly sensitive to X-rays. According to Sobels' (1965) review the spermatogenetic sensitivity to X-rays is highest in spermatids and late spermatocytes, then in early spermatocytes, then in the first day sperm, second day sperm and finally, the lowest in spermatogonia. Sobels points out the arbitrary and tentative character of this arrangement. For structural changes Slizynska (bc. cit.) has shown that spermatogonial cells, if sensitive, present even greater response to X-rays than spermatids. From her results it follows that after the irradiation spermatids show few chromosome breaks per cell in many cells, while after the irradiation of spermatogonia there are many breaks per cell in few cells. Spermatids are non-dividing cells and most of them undergo the same process of differentiation. Their sensitivity is thus related to cell differentiation and clearly not to cell division. On the other hand spermatogonia are mostly in the interphase, few of them going through mitotic divisions followed by differentiation into spermatocytes. Thus spermatogonial cells may have the sensivity related rather to cell division.
During cell division all chromosomes become stainable and all genes inactivated, while during cell differentiation some parts of chromosomes become stainable and some genes inactivated. It could be suggested that sensitivity to X-rays is proportional to the size of stainable and inactivated regions.
5. SUMMARY 1. Drosophila melanogaster males differ in the output of their spermatogenesis during the first 10 days of their life.
2. There are three types of male: A-start with high yield of offspring in the first matings followed by a steady, gradual decline, B-start with high yield followed by a very slow decline and almost unchanged level of production, and C-which have the highest yield in the second batch of females followed by a rapid decline.
3. These differences are naturally related to the variation in the duration of cell cycles and cell differentiations of spermatogenesis.
